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The Third International Workshop on Drosophila Cell
Division Cycle brought together researchers focusing
on DNA replication, mitosis, meiosis, cell cycle regula-
tion, checkpoints, asymmetric division, cell and tissue
growth, and tumorigenesis. This reviewdescribes new
findings presented at the meeting that particularly
highlight the advantages of the Drosophila system.
The Third International Workshop on Drosophila Cell
Division Cycle was held in Porto, Portugal, organized
by Claudio Sunkel (Porto, Portugal), Tin Tin Su (Boulder,
CO), and Alvaro Tavares (Oeiras, Portugal), predomi-
nantly supported by the Instituto de Biologia Molecular
e Celular of University of Porto, Fundac¸a˜o para a Cieˆncia
e Tecnologia of Portugal, the Calouste Gulbenkian
Foundation, the Fundac¸a˜o Luso-Americama para o De-
senvolvimento, and the EMBO. These meetings origi-
nated as EMBO workshops, the first being organized
by David Glover in 1995 at Loch Rannoch, Scotland,
and the second by Maurizio Gatti at Cortona, Italy, in
2000. In this third meeting, the EMBO keynote lecture
was given by Nobel Laureate Professor Tim Hunt, who
presented a historical perspective on cell cycle research
and highlighted remaining issues yet to be solved in the
field. The meeting comprised 78 talks and 72 posters, in-
cluding talks by many of the founders of the field, such
as Gerold Schubiger (whose 70th birthday was cele-
brated at the meeting).
The cell division cycle is a highly conserved process,
with most of the key components and regulators serving
similar functions in organisms as distantly related as
yeast and humans (reviewed by Bell and Dutta, 2002;
Ekholm and Reed, 2000; Fung and Poon, 2005; Hixon
and Gualberto, 2000; Smits and Medema, 2001). From
decades of research, the vinegar fly, Drosophila mela-
nogaster, has proven to be an ideal multicellular model
organism for studying the cell cycle. Importantly, these
studies not only complement studies in yeast, Xenopus,
and mammalian cells, but have provided key insights
into our understanding of additional tiers of regulation
that occur during development (reviewed by Edgar and
Orr-Weaver, 2001; Lee and Orr-Weaver, 2003; Swanhart
et al., 2005; Vidwans and Su, 2001). Drosophila develop-
ment encompasses different morphological forms (em-
bryo, larva, pupae, and adult), during which populations
of cells respond to developmental cues that modulate
the cell cycle.Drosophila is also an ideal system to study
how interactions between cells modulate the cell cycle.
*Correspondence: helena.richardson@petermac.orgThere is increasing evidence that cell-cell interactions
are important for maintaining correct cell numbers and
organ size and for achieving balance between different
cell types. Determining the mechanism by which these
processes occur is critical to understanding develop-
ment and diseases, such as cancer (reviewed by Leevers
and McNeill, 2005). These studies are underpinned by
the power of Drosophila’s genetic manipulability and
cell biology approaches (such as live-cell imaging),
enabling the easy discovery of new genes and the de-
tailed analysis of their phenotypes (reviewed by Brumby
and Richardson, 2005). In this review I will focus on
three key aspects covered at the Porto meeting that
Drosophila research contributes to the cell cycle field:
(1) cell cycle gene discovery and functional analysis,
(2) developmental regulation of the cell cycle, and (3)
cell interactions controlling proliferation and organ
growth.
Cell Cycle Gene Discovery and Functional Analysis
New Genes in New Clothing: Identification of
Novel Cell Cycle Genes and Functions
Genetic approaches have historically been the major
avenue to novel gene discovery in Drosophila, including
those involved in the cell cycle. A wealth of novel cell
cycle genes have been discovered in Drosophila by
phenotypic analysis of mutant collections, such as
the female sterile (maternal effect) lethal mutants of
Christiane Nusslein-Volhard and Eric Wieschaus, P ele-
ment mutants, and larval lethal mutants (e.g., Gatti and
Baker, 1989), as well as by dominant genetic interaction
screens and mosaic screens (reviewed by Brumby and
Richardson, 2005).
While Drosophila has an important role in extending
the cell division paradigm from unicellular yeasts into
multicellular eukaryotes, its greatest value is in revealing
the function of genes that have no apparent homolog in
yeast but are conserved in vertebrates. Two talks were
of note in this regard. Brian Calvi (University of Pennsyl-
vania, Philadelphia, PA) described a ‘‘pioneer’’ gene,
humpty dumpty (hd), mutants of which showed defects
in the amplification of the chorion genes in follicle cells
during oogenesis (Bandura et al., 2005) and in genomic
replication. Hd is conserved from plants to humans,
but an obvious ortholog has not been identified in
yeasts. From the proteomic identification of binding
partners that have roles in splicing and translation, as
well as other evidence, it was proposed that Hd might
regulate S phase via transport or splicing of an mRNA
for an unknown replication protein. Analysis of another
‘‘pioneer’’ gene encoding a metalloprotease termed In-
vadolysin was presented by Margarete Heck (University
of Edinburgh, UK). invadolysin was originally identified
by its mitotic arrest phenotype, but, surprisingly, it has
roles in both mitosis and cell migration (McHugh et al.,
2004). Invadolysin also has homologs only in multicellu-
lar organisms, and Dr. Heck presented data on different
variants of Invadolysin and a screen for genetic inter-
actors, which should shed light on its mechanism of
action.
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proaches for gene function discovery, such as proteo-
mics, combined with phenotypic analysis of the proteo-
mic candidates, using RNA interference (RNAi). Of
particular note was the talk of Bodo Lange (Max Planck
Institute, Berlin, Germany), who carried out mass spec-
trometry analysis of proteins from purified centrosomes
(the microtubule organizing center), identifying w200
proteins. Dr. Lange then carried out functional analysis
using RNAi knockdown in Drosophila S2 cultured cells,
revealing genes involved in different aspects of centro-
some biology. Use of the RNAi approach to uncover
gene function was also described by Gilles Hickson
(from Pat O’Farrell’s lab, University of California, San
Francisco, CA) in exploring the role of Rho pathway
genes in cytokinesis (Hickson et al., 2006). These exam-
ples highlight the new generation of gene function anal-
ysis, made possible by the knowledge of the Drosophila
genomic sequence and by the availability of RNAi librar-
ies (reviewed by Dasgupta and Perrimon, 2004).
Old Genes in New Clothing: Surprises in the Roles
of Evolutionarily Conserved Genes
Several talks at the meeting challenged the dogma
based on previous studies in other organisms on the
function of cell cycle proteins. Two of these concerned
proteins involved in the mitotic spindle checkpoint,
which ensures that the metaphase-to-anaphase transi-
tion does not occur until all chromosomes are attached
to spindle microtubules (reviewed by Musacchio and
Hardwick, 2002). The spindle checkpoint proteins are
Mad1, Mad2, Bub1, Bub3, and BubR1 and act at unat-
tached kinetochores, where they bind to the APC/C
ubiquitin ligase, preventing its activity toward Securin
and Cyclin B, key substrates that need to be degraded
to allow chromosome separation and progression into
anaphase. In yeast, the spindle checkpoint genes are
nonessential genes, but previous studies on several of
the homologous genes in mouse and flies revealed
that they are essential, suggesting that additional roles
have been acquired in these organisms. A talk by Roger
Karess (CNRS, Gif-Sur-Yvette, France) challenged this
tenet by presenting data on mad2 null mutant flies,
which surprisingly were homozygous viable, fertile,
and of correct ploidy. However, like other mutants in
spindle checkpoint proteins, such as BubR1, the topic
of a talk by Nicolas Malmanche (from Claudio Sunkel’s
lab, IBMC, Porto, Portugal), mad2 mutants do not arrest
in mitosis when spindle damage is induced by colchi-
cine treatment. Thus, mad2 is required for the spindle
checkpoint, although it is not an essential gene in flies
that are unchallenged by drugs. To explain why Mad2
is not required for normal mitoses in flies although it is
in mammalian cells (Dobles et al., 2000), Dr. Karess sug-
gested that in Drosophila, spindle assembly is normally
a very efficient process and therefore the spindle check-
point apparatus is normally not needed, whereas in
mammalian cells the spindle checkpoint must intervene
to delay anaphase onset to prevent aneuploidy. The fact
that mutants in all other spindle checkpoint genes ana-
lyzed are essential in flies suggests that they have addi-
tional mitotic functions besides the checkpoint and that
Mad2 differs from these in being uniquely required for
the checkpoint, as it is in yeast. Indeed, yeast has also
acquired additional functions for spindle checkpointproteins that are not conserved in flies, as highlighted
in a talk by Christian Lehner (University of Bayreuth, Ger-
many). Dr. Lehner spoke about the essential Drosophila
Mps1 protein kinase that is required for the spindle
checkpoint and also has a developmental role in the
egg, where it is required for the cell cycle arrest of the
polar nuclei generated during female meiosis (Fischer
et al., 2004). However, Mps1 is not required for centro-
some duplication, as might have been suspected in light
of the well-established crucial involvement of yeast
Mps1 in duplication of the spindle pole body (the yeast
equivalent of the centrosome).
Perhaps the most surprising talk of the meeting was
by Jordan Raff (University of Cambridge, UK) on flies
without centrioles (Basto et al., 2006). Centrioles form
the core of the centrosome and basal bodies that are re-
quired to form cilia, and they have been thought to be
essential in animals (Doxsey et al., 2005). Dr. Raff de-
scribed Drosophila null mutants in Dsas-4, a gene re-
quired for centriole replication, and showed that upon
depletion of the maternally supplied protein at the end
of embryogenesis, mutant cells were devoid of centro-
somes. Surprisingly, these embryos that lack centrioles
grew into viable adults. The adults were uncoordinated,
however, because their sensory neurons lacked cilia.
Another Drosophila mutation involved in centriole dupli-
cation has been previously reported, Plk-4 (Sak), which
was presented in a talk by David Glover (University of
Cambridge, UK); however, this mutation is hypomorphic
and results in a loss of centrosomes in only 20% of larval
neuroblasts (Bettencourt-Dias et al., 2005). Thus the
Dsas-4 mutant phenotype presents the first docu-
mented case of a fly without centrioles.
In Dsas-4 mutants, despite completely lacking centri-
oles, larval neuroblasts underwent successful mitoses,
albeitw40% more slowly, showing that spindle assem-
bly could be driven without the need for centrosomes.
However, the position of the centrosomes in neuroblasts
is thought to orient the axis of spindle assembly. Spindle
orientation is in turn important for differential protein
segregation and cell fate specification during asymmet-
ric cell division (reviewed by Betschinger and Knoblich,
2004). Indeed, live cell imaging presented by Cayetano
Gonzalez (IRB, Barcelona, Spain) using a centrosomal
marker (YFP-Asterless) showed how one centrosome
moved to the basal side of the neuroblast before spindle
assembly and that in a mutant in the cell polarity gene
pins, the mislocalization of centrosomes correlated
with failed asymmetric divisions. In Dsas-4 mutant neu-
roblasts, Renata Basto (from Jordon Raff’s lab) showed,
by antibody staining and live cell imaging, that cells were
unable to undergo asymmetric divisions or complete
cytokinesis in 30% of cases (see Figure 1). In 70% of
the cases, however, the localization of the spindle micro-
tubules to the basal cortex appeared to allow proper
spindle orientation and asymmetric division. These
studies reveal the existence of a parallel, redundant
mechanism, presumably driven by the chromosomes,
for polarizing the spindle microtubules (in the absence
of centrosomes).
Further analysis is needed to determine whether the
centriole is essential for any cell divisions in Drosophila,
in particular those of the early embryo, which were not
examined in Dr Raff’s study due to the maternal
Meeting Review
143contribution of Dsas-4. Indeed, the work presented by
Tim Megraw (University of Texas Southwestern, Dallas,
TX) on the early embryonic lethal phenotype of mutants
in Centrosomin (Cnn, a component of the peri-centriolar
matrix) suggests that the centrosome plays an essential
function in the early embryonic cycles. Although the cnn
mutant still possesses a centriole, it is severely defective
in centrosome organization and function, and pheno-
types observed in this mutant argue against the notion
of the centrosome being completely dispensable for
cell division. Dr Megraw showed that in cnn mutant em-
bryos, the nuclei collide and fuse and cellularization
does not occur. These phenotypes reflect an essential
role for Cnn and the centrosome in organizing microtu-
bules and in the formation of actin into pseudocleavage
furrows, needed for separation of the cortically localized
nuclei in the syncytium, in the early embryo (Megraw
et al., 1999; Vaizel-Ohayon and Schejter, 1999). Thus,
for the divisions during early embryonic development,
Dsas-4 and the centriole are also likely to be essential.
Developmental Regulation of the Cell Cycle
During Drosophila development, there are variations to
the canonical cell cycle (G1, S phase, G2, mitosis), in-
cluding the rapid S-M phases in early embryogenesis,
G2 regulated cycles, G1 regulated cycles that link cell
growth with proliferation in the larval imaginal tissues,
endoreplication cycles (alternating rounds of S and
Gap phases without mitosis), and meiosis (two rounds
of mitosis without DNA replication). These variations to
the canonical cell cycle also occur in vertebrates (re-
viewed by Champion and Hawley, 2002; Edgar and
Figure 1. Dsas-4 Neuroblasts Undergo Some Symmetric Divisions
A Dsas-4 mutant neuroblast (arrow) undergoing mitosis, stained for
Miranda (green), DNA (blue), and the centrosomal protein CP190
(red). The smaller cells are ganglion mother cells, which are derived
from successful asymmetric divisions of other neuroblast cells. In
the Dsas-4 mutant neuroblast, where no centrioles are present,
CP190 is not localized in two foci but is distributed throughout the
cell. In this neuroblast, Miranda is inappropriately localized around
the entire cortex, rather than being localized basally as it should
be in asymmetrically dividing neuroblasts. The image was supplied
by E. Castellanos and C. Gonzalez (IRB, Barcelona, Spain).Orr-Weaver, 2001; O’Farrell et al., 2004), and therefore
understanding how these cycles are established and
maintained is of general relevance to mammalian devel-
opment and to disease states. Several talks at the meet-
ing described specific aspects of cell cycle regulation
during development, some of which are highlighted be-
low.
Control of DNA Replication Length during
Development
In early embryogenesis, the nuclear divisions consist
of very rapid DNA replication (S phase)-mitosis phases
(7–8 min in length) in a syncytium. At the mid-blastula
transition (maternal-zygotic transition, MZT) at cycle
14, a change in regulation occurs to introduce regulation
at the G2 phase by zygotic transcription of the mitosis
inducer, Cdc25 (String), and the cycles slow down to
w1.5 hr in duration (Edgar and O’Farrell, 1989). DNA rep-
lication length also undergoes a dramatic change from
3–4 min at the syncytial S-M phases tow1 hr after cycle
14. How and why this change in DNA replication length
occurs was addressed in the talk of Patrick O’Farrell
(University of California, San Francisco, CA). By relating
positions of replication (using fluorescent nucleotide in-
corporation) with positions of heterochromatic or satel-
lite DNA (detected by fluorescent in situ hybridization)
during cycles 11 to 16 of embryogenesis, it was ob-
served that late replication of these markers was intro-
duced at S phase of cycle 14. Blocking zygotic tran-
scription (by a-amanatin injection at cycle 13) prevents
the onset of late replication at S phase 14, consistent
with the notion that at the MZT, synthesis of a new pro-
tein is needed for the onset of late replication rather than
just titration of maternally supplied replication compo-
nents. Identification of this key factor came from the in-
triguing observation that histone acetylation decreased
rapidly at cycle 14 and that blocking histone deacetyla-
tion (by injection of trichostatin A) at cycle 13 blocked
the onset of late replication. This work is consistent
with a previous study that showed that acetylation of
replication origins at the chorion gene loci is important
for the switch from genomic replication to amplification
in the ovarian follicle cells (Aggarwal and Calvi, 2004).
This study found that active chorion origins are hyper-
acetylated during amplification and that modulating
the acetylation state of the origin changed its activity.
These studies suggest that the onset of histone acetyla-
tion-mediated regulation of transcription may have par-
allel effects on DNA replication. Regulation of DNA origin
usage by histone acetylation may also occur in mamma-
lian cells and explain the phenomenon of late-replicating
heterochromatin (reviewed by Bell and Dutta, 2002).
Control of Endoreplication Cycles
Two talks at the meeting focused on regulation of
the Drosophila endoreplication cycles. Bruce Edgar
(FHCRC, Seattle, WA) spoke about the relationship be-
tween the Cyclin E/Cdk2 G1-S phase kinase and E2f1/
Dp/Rbf1 S phase transcription factor in the regulation
of endoreplication cycles in the larval salivary gland
and fat body. In order to drive rounds of DNA replication
in these cycles, Cyclin E/Cdk2 activity needs to be low in
the Gap phase, so that the prereplication complex can
be assembled at replication origins, and needs to peak
at the onset of S phase, to enable the initiation of DNA
replication (reviewed by Bell and Dutta, 2002). Dr. Edgar
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dance is cell cycle regulated, being undetectable when
cells are in S phase, as occurs in mitotically cycling cells
(Reis and Edgar, 2004). In the endocycles, Cyclin E pro-
tein levels also fluctuate, but out of phase with E2f1 pro-
tein. The phase difference in peaks of Cyclin E and E2f1
is consistent with Cyclin E being an E2f1/Dp transcrip-
tional target; however, it is not known what leads to
the downregulation of E2f1 protein levels in S phase.
The mechanism of E2f1 degradation is S phase depen-
dent and therefore Cyclin E/Cdk2 dependent, but the
connection between Cyclin E and E2f1 appears not to
be direct, since mutating all of the Cdk phosphorylation
sites in E2f1 did not prevent E2f1 protein oscillations.
Surprisingly, endocycles can also occur in the absence
of E2f1 activity (in Dp mutants), suggesting that there
is an E2f1-independent mechanism to generate oscilla-
tions in Cyclin E/Cdk2 activity.
A potential candidate for an E2f1-independent factor
required for the oscillation of Cyclin E/Cdk2 activity in
endoreplication cycles was suggested in the talk from
Mary Lilly (NIH, Bethesda, MD), which focused on endo-
cycles in the ovarian nurse cells. In these cycles, the os-
cillation of the p21 (p27, p57)-like Cdk inhibitor, Dacapo,
downregulates Cyclin E/Cdk2 activity in the endorepli-
cation Gap phase. In dacapo mutants, endocycling cells
have inappropriately high Cyclin E/Cdk2 activity but
a slower S phase, leading to double-strand DNA breaks.
These replication problems are most likely due to the in-
hibition of origin licensing by high Cdk2 activity during
the Gap phase, because dacapo mutant cells also had
reduced levels of the licensing factor Double-parked
(Dup, Cdt1), which functions during the Gap phase to
promote prereplication complex formation. This finding
is consistent with previous studies showing that high
levels of Cyclin E/Cdk2 promote the destruction of
Dup (Cdt1) at the G1-S phase transition (Thomer et al.,
2004). However, whether Dacapo can function indepen-
dently of E2f1 to promote oscillations in Cyclin E/Cdk2
activity remains to be determined.
Control of Cell Cycle Exit and Differentiation Onset
during Development
A key question is what determines how and when cells
exit from the cell cycle and differentiate. Robert Duronio
(University of North Carolina, Chapel Hill, NC) focused
on the interplay between Cyclin E/Cdk2, E2f1, Dacapo,
and Rbf1 in the G1 arrest that occurs at cycle 17 of em-
bryogenesis. Dr. Duronio presented data showing that
the Cyclin E/Cdk2 inhibitor, Dacapo, increased in abun-
dance after S phase 16, and that this correlated with the
first appearance during embryogenesis of hypophos-
phorylated (active) Rbf1. Surprisingly, Dacapo (and
therefore Cyclin E/Cdk2 downregulation) was not re-
quired to shut off E2f1-mediated transcription, since
E2f1 targets were still downregulated appropriately in
dacapo mutants. However, E2f1 protein abundance
was found to be cell cycle regulated during the early em-
bryonic cycles, and E2f1 was degraded during S phase,
beginning in cycle 15. Thus, the destruction of E2f1 may
provide a mechanism of terminating E2f1-dependent
transcription, independently of Rbf1. The process of
DNA replication itself may provide the trigger to initiate
degradation of E2f1, since mutants that block DNA rep-
lication are unable to degrade E2f1 appropriately. Thisfinding is consistent with the observation of Dr. Edgar
(see above) that E2f1 degradation does not depend on
phosphorylation by Cyclin E/Cdk2 in the endocycles.
Interestingly, the degradation of Dup (Cdt1) is also
linked to initiation of DNA replication (May et al., 2005),
suggesting that a common mechanism may be involved.
Perhaps interactors from a genetic screen using eye and
wing phenotypes generated by RNAi knockdown of
E2f1, described in a talk by Anabel Herr (from Nick Dys-
on’s lab, MGH, Boston, MA), may reveal the factor in-
volved in the degradation of E2f1 as well as Dup.
In the investigation of cell cycle exit in the third instar
larval eye imaginal disc, Laura Buttitta (from Bruce Ed-
gar’s lab, FHRC, Seattle, WA) presented data showing
that ectopic expression of Cyclin E, E2f1, and Cdc25
(String) together in clones, while driving additional cell
cycles up to the mid-pupal stage, was unable to prevent
cell cycle exit. Interestingly, in the ectopically dividing
cells, the differentiation marker (ELAV) was still ex-
pressed, consistent with a previous report showing
that rbf1 dacapo double-mutant clones in the eye disc
also contained cycling cells expressing ELAV (Firth
and Baker, 2005). Since differentiation and proliferation
are thought to be mutually exclusive processes, in these
situations differentiation may eventually curb prolifera-
tion. This suggests the hypothesis that cells will only
be able to bypass cell cycle exit when cell proliferation
is promoted and differentiation (and probably also cell
death) is blocked. Such a situation has been observed
in eye disc clones that are mutant for the neoplastic
tumor suppressor gene, scribble, and also coexpress
activated alleles of the signaling proteins Ras or Notch
(reviewed by Brumby and Richardson, 2005).
The importance of differentiation in preventing tissue
overgrowth was also highlighted in a talk by Juergen
Knoblich (IMB, Vienna, Austria), in which the effect of
mutations in the brat tumor suppressor on neuroblast
proliferation was described. In brat mutants, the neuro-
blast undergoes asymmetric division to form a smaller
daughter cell (the ganglion mother cell), but this cell can-
not maintain its differentiated state and reverts back to
a neuroblast that continues to proliferate and form tu-
mors (Betschinger et al., 2006). Allen Shearn (Johns
Hopkins University, Baltimore, MD) also spoke about
differentiation in brain tumors in mutants of brat or
lethal-2-giant larvae (lgl), which is important for the
asymmetric division of neuroblasts. Dr. Shearn showed
that some cells in brat or lgl brain tumors still express
markers of either neural or glial cell differentiation; how-
ever, it is not known whether these cells are able to pro-
liferate. Surprisingly, however, after transplantation of
lgl mutant tumors into wild-type female adults, the ma-
jority of the secondary tumors that form, after invasion
of cells through the epithelial layer into the ovaries, ex-
press both glial and neural markers in the same cell.
How this deregulated gene expression relates to the
proliferation or the metastatic potential of these second-
ary tumors is yet to be determined.
Developmental Regulation of the Mitotic-to-Meiotic
Cycle Transition
The Wee1 and Myt1 protein kinases are conserved neg-
ative regulators of the G2-M phase transition that act by
phosphorylating and inactivating the G2-M phase ki-
nase, Cdk1 (reviewed by Smits and Medema, 2001).
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about the Drosophila homologs of the Wee1 and Myt1
kinases in G2-M phase regulation through development.
In previous work from Dr. Campbell’s lab, Wee1 has
been shown to play a critical developmental role in the
slowing down of the syncytial S-M cycles, and it acts
similarly to proteins involved in the DNA replication/
DNA damage checkpoint (Price et al., 2000), such as
Chk1 (Grp) and ATR (Mei-41), discussed in a talk by
Saeko Takada (from Bill Theurkauf’s lab, University of
Massachusetts, Worcester, MA). Myt1, on the other
hand, plays an essential role in spermatogenesis, pre-
venting premature mitotic events, such as centrosome
separation, from occurring in the cytoplasm of G2-ar-
rested spermatocytes before meiotic cell divisions (Jin
et al., 2005; unpublished data). Myt1 function also pro-
motes proper cell cycle exit before the meiotic reduc-
tional divisions. Since Myt1 inhibits Cdk1 activity in the
cytoplasm and Wee1 activity is thought to be confined
to the nucleus, these studies suggest that compart-
ment-specific regulation of Cdk1 activity is important
for regulating the transition from the mitotic to meiotic
cycle.
Cell Interactions Controlling Proliferation
and Organ Growth
Interactions between cells are important for controlling
proliferation and organ growth (the ultimate size of an
organ) (Leevers and McNeill, 2005). An important factor
in the regulation of organ growth is cell competition: the
ability of ‘‘fitter,’’ more rapidly proliferating cells to erad-
icate neighboring less-fit cells. Laura Johnston (Colum-
bia University, New York, NY) spoke about the impor-
tance of Myc in cell competition in the wing imaginal
disc. Cells expressing high levels of Myc in clones in-
duce cell death nonautonomously in neighboring cells
(de la Cova et al., 2004), an effect she has been able to
reproduce in an in vitro cell culture system. Interestingly,
some cells expressing Myc die as well, which was also
reported in the talk by Peter Gallant (University of Zurich,
Switzerland). Elucidating the mechanism of autono-
mous and nonautonomous Myc-induced cell death is
the next challenge in understanding cell competition
and organ growth control.
In a genetic approach to understanding the control of
cell proliferation and organ growth, Rachel Smith-Bolton
(from Iswar Hariharan’s lab, University of California, Ber-
keley, CA) spoke about their mosaic screen for mutants
that deregulate organ growth. Genes identified from
this type of screen, carried out in the Hariharan lab and
other labs, have revealed important pathways in organ
growth regulation, such as the Hippo/Warts/Mats/
Salvador/Yorkie pathway (reviewed by Edgar, 2006),
spoken about by Duojia Pan (Johns Hopkins University,
Baltimore, MD). Dr. Smith-Bolton spoke about a new
class of mutants from their screen that confer a signifi-
cant growth advantage compared with the control
clones, but are still subject to organ size control and
are homozygous viable. Analysis of these mutants
should enable the pathways involved in cell proliferation
and tissue growth to be separated from those involved
in organ size control. Elucidating the mechanisms that
regulate cell proliferation and organ growth has implica-
tions for mammalian cancer biology, since mutationsthat override the restraining mechanisms controlling
cell number (contact inhibition) lead to tumorigenesis
(reviewed by Pawlak and Helfman, 2001).
Two talks at the meeting addressed the interaction
between cells in promoting cell proliferation and control-
ling the ultimate size of the organ. Gerold Schubiger
(University of Washington, Seattle, WA) spoke about
the interaction between the peripodial epithelium and
the imaginal disc proper, showing that perturbations to
cell proliferation and growth of the peripodial epithelium
have a proportional effect on both of these processes in
the disc proper, and he provided evidence that vesicle-
mediated transport is involved. Ruth Lehmann (NYU,
New York, NY) spoke about the interaction of primordial
germ cells (PGCs) with somatic intermingled cells in the
developing gonad. Dr. Lehmann showed that PGCs pro-
mote cell survival of the intermingled cells and that, in
turn, the intermingled cells feed back on the PGCs to in-
hibit their proliferation (Gilboa and Lehmann, 2006). This
regulatory loop therefore restricts the number of PGCs
in the developing gonad. Understanding these interac-
tions has relevance not only for organ homeostasis but
also for mammalian cancer biology, since the interplay
between the tumor and its microenvironment is highly
important in cancer progression (reviewed by Bhow-
mick and Moses, 2005).
Summary and Perspectives
As highlighted here, the Drosophila system continues to
make major contributions to the cell cycle field, by iden-
tifying new cell cycle genes and functions, elucidating
novel cell cycle regulation during development, and re-
vealing mechanisms by which cell-cell interactions act
to regulate organ growth. From the exciting research
presented at the Porto meeting, it is clear that the Dro-
sophila model system should not be underestimated
for its ability to produce seminal results, which are rele-
vant to mammalian biology and to disease states such
as cancer. Like a vintage port from Porto, theDrosophila
cell cycle field continues to mature over time!
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